Abstract Dietary fiber derived from citrus fruits was added to vinegar. Different sources and quantities of fiber and storage conditions have been scrutinized. Formulated vinegars were evaluated on the basis of their phenolic profile, volatile composition and sensory analysis. The addition of citrus fiber enhanced the phenolic and volatile profile of the resulted vinegars. Whereas lemon fiber contributed mostly to the enrichment of the polyphenolic composition, orange fiber was that which increased in a higher way the volatile composition of the vinegars. Moreover, the content of hydroxycinnamic acid derivatives and the majority of volatile compounds decreased as the dose of fiber increased. Furthermore, the judges preferred fiber-enriched vinegars, but in different quantities depending of the fiber source. This preference was mainly based on citric attribute, contributing several terpenes and ketones derived from them. The addition of citrus fiber to vinegar did not result in a marked storage-dependence.
Introduction
In the last few years, consumers are becoming more conscious of their nutrition and food health. In that way, the consumption of products with beneficial properties such as antioxidant, anti-inflammatory or anti-cardiovascular, and prevent certain diseases, has been on the rise.
Dietary fiber is present in a number of natural products, such as fruits, vegetables and grains. The consumption of dietary fiber is related to beneficial properties, such as the prevention of cardiovascular problems, cancer and diabetes, among other diseases (Cho and Dreher 2001) . Dietary fiber derived from cereals has been widespread advertised, but increasingly, the fiber to fruit and vegetables are being introduced in the market because of its better nutrition quality . In that way, the determination of dietary fiber of fruits has been widely studied, and in many cases, has been correlated with the polyphenolic content and antioxidant activity. Several authors have studied the dietary fiber in the peels of orange, lemon, lime and grapefruit, Figuerola et al. 2005; Ubando-Rivera et al. 2005) . Other autors have studied the fiber in apple, (Figuerola et al. 2005) and in concentrates of mango, peach, orange and date GrigelmoMiguel and Martıń-Belloso 1999; Elleuch et al. 2008; Vergara-Valencia et al. 2007 ). In grapes and wines, only few researches have been found, (Bravo and Saura-Calixto 1998; Deng et al. 2011; Valiente et al. 1995) and dietary fiber in several Spanish and American grape varieties was analyzed. Also other authors monitored the dietary fiber of Cencibel skins and red wines from different locations of Spain (Saura-Calixto 1998; Saura-Calixto and Díaz-Rubio 2007) , and in wine grape pomace (Zhu et al. 2014) . However, up to date, no scientific paper in wine vinegars have been reported.
The fact that the high amounts of wine, and subsequent derived products such as vinegar, are being developed in many regions of the world, provides an opportunity for value-added product development through innovative formulas and technologies. In fact, nowadays, oenology market is turning towards diversification by means of the development of original, novel and enriched new products. Although Asian countries have a consolidate industry about these kind of products, a few researches about wine vinegars have been developed in Western countries. For instance, new Sherry vinegarderived products based on maceration with different fruits, (Cejudo Bastante et al. 2010; Cejudo-Bastante et al. 2013) as well as fruit juices from different raw materials enriched with Sherry wine vinegar (Cejudo- have been developed by our research group. However, no detailed study concerning fiber enrichment of vinegars has been performed up to now.
Following the research line of diversification of Sherry wine vinegar and improving its added value from a nutritional point of view, a new Sherry vinegar-derived product enriched with dietary fiber have been developed in the present work. Different quantities of dietary fiber were added in order to establish the best conditions of the formula. Polyphenolic composition and volatile profile of Sherry wine vinegars enriched with fiber from orange and lemon fruits were studied, and in order to check the possible acceptance by consumers, descriptive sensory analysis was also carried out. Moreover, in order to simulate the possible commercial conditions, two different storage conditions of those products were studied.
Material and methods

Samples
A Sherry wine vinegar (non aged, 7 g acetic acid/100 mL and 1 % ethanol, v/v), supplied by a local winery, was employed to carried out the present research. This vinegar was enriched with different dietary fibers from orange and lemon fruits (Indulleida, Lleida, Spain) . For each type of fiber, different amounts were added to the vinegar, resulting in the following concentrations: 0.1 g/L, 0.5 g/L, 1 g/L, 5 g/L and 10 g/L (labeled as 1, 2, 3, 4 and 5, respectively). Sherry wine vinegar without the addition of dietary fiber (control vinegar, 0) was also taken into account. The vinegars were kept at different storage conditions: room temperature (25°C) under light conditions (RT), and low temperature (4°C) under dark conditions (LT). These temperature and luminosity conditions were chosen in order to reflect as much as possible different commercial terms. Samples were also monitored after 2 months of the fiber addition.
Analysis of polyphenols and furanic compounds
A Water Acquity UPLC system was used for the separation, identification and quantification of phenolic compounds, equipped with a diode array detector (DAD), according to the method proposed by Schwarz et al. (2009) . An Acquity UPLC BEH C18 column (100×2.1 mm/ID, with 1.7 μm particle size), also from Waters, was used. The identification of each compound was carried out by comparing retention times and UVvis spectra with those provided for commercial standards. When commercial standards were not available, the calibration curves of compounds with similar chemical structures were employed. All the analyses were carried out in duplicate.
Several phenolic compounds (such as benzoic acids, hydroxycinnamic acid derivatives and glycosilated flavanones) and furanic derivatives were identified. DAD chromatograms obtained at 280 nm were used for the identification and quantification of benzoic acids, furanic derivatives and glycosilated flavanones, whereas a wavelength of 320 nm was used for the hydroxycinnamic acid derivatives. Individual standards were used for each benzoic acid, furanic derivative and glycosilated flavanone, whereas caffeic and p-coumaric acids were employed for the respective hydroxycinnamic acid derivatives, and hesperidin was used as standard of neohesperidin.
Analysis of volatile compounds
10 mm×0.5 mm (length×film thickness) PDMS commercial stir bars, supplied by Gerstel (Mülheim a/d Ruhr, Germany) were used for the extractions. For each SBSE analysis, a volume of 25 mL of sample was pipetted and placed into a 100 mL Erlenmeyer flask with 5.85 g of NaCl (Scharlau, Barcelona, Spain) and 84 μl of a solution of 4-methyl-2-pentanol, internal standard, (Sigma, Steinheim, Germany) (2.27 g/L in Milli-Q water containing 80 g/L of acetic acid), according to the method proposed by Cejudo Bastante et al. (2010) .
A commercial TDS-2 thermal desorption unit (Gerstel) connected to a programmed-temperature vaporization (PTV) injector CIS-4 (Gerstel) by a heated transfer line were used for the thermal desorption of the coated stir bars. The PTV was installed in an Agilent 6890 GC-5973 MS system (Agilent Technologies, Palo Alto, CA, USA). An empty baffled liner was used in the PTV. The thermodesorption unit was equipped with a MPS 2 L autosampler (Gerstel) capable of handling the program for 98 coated stir bars. An Agilent 6890 GC-5973 N MS system (Agilent, Little Falls, DE, USA), equipped with a DB-Wax capillary column (J&W Scientific, Folsom, CA, USA), 60×0.25 mm I.D., with a 0.25 μm coating were used in order to perform the capillary GC-MS analysis in the electron impact mode.
Peak identification was carried out using the Wiley library (Wiley Registry of Mass Spectral Data, 7th Edition, 2000) by analogy of mass spectra and confirmed by retention times of standards when they were available or by the retention data from the literature. For a large extent of compounds, the retention indices were determined (on a DB-Wax polar column) in a previous study (Cejudo -Bastante et al. 2013 ) and compared with those from literature. Semi-quantitative data were obtained by measuring the relative molecular ion peak area in relation to that of 4-methyl-2-pentanol, the internal standard.
Sensory analysis
Sherry wine vinegars with and without the addition of dietary fiber were tested by a group of 12 to 15 expert assessors, with a medium/high experience in sensory analysis of vinegars. Assessment took place in a standard testing room, (ISO 2007) equipped with separated booths and olive oil testing glasses (ISO 2006b ) in order to avoid the influence of the vinegar sample color. As well, glasses were covered with a watch-glass to minimize the escape of volatile substances. In each booth, lettuce leaves were supplied as the vehicle for gustatory analysis. Room temperature was fixed at 22°C. The panel judges, belonging all of them to laboratory personnel, were submitted to a validation study, in which judgment repeatability and the panel homogeneity were evaluated. Duplicated discrimination test and descriptive profile of 2 reference samples were employed to validate the judges' reproducibility; whereas for each descriptor, a two factor ANOVA (judges x samples) of the descriptive data allowed to study the homogeneity of the panel. The panelists carried out two different types of tests. Quantification of several analytical descriptors were carried out by using interval scales in all the cases. (ISO 2003) Prior to descriptive profiling, a stage for generating appropriate descriptors to define the samples was carried out. In addition, samples were submitted to ranking test (ISO 2006a) with the aim of ordering samples according to assessor's preference. These two evaluations were carried out at different sessions. All vinegar samples were evaluated by orthonasal way in duplicate.
Statistical analysis
The complete set of analytical data was submitted to analysis of variance (ANOVA), correlation assays, cluster analysis, and linear discriminant analysis (LDA) using the statistical computer packages Statgraphics Centurion, version 15.0 (Statpoint Inc., USA), and SPSS Statistics version 17.0 (IBM Corp. NY, USA) for Windows XP. Quantitative sensory data were analyzed by ANOVA test, and ranking data by preference were submitted to Friedman test, as ISO 8587 standard specifies.
Results and discussion
Polyphenolic compounds
Thirteen polyphenolic compounds have been determined in the different fiber-enriched vinegars, and their concentrations are presented in Table 1 . In parallel, vinegar without fiber addition (control vinegar) has also been conducted to highlight possible differences among the samples.
The well-described polyphenolic compounds from Sherry vinegar (furanic derivatives, benzoic acids and hydroxycinnamic acid derivatives) were determined (e.g., gallic acid, protocatechuic acid, p-hydroxybenzaldehyde, caffeic acid, etc.), and with concentration levels similar to those found in the literature (Alonso et al. 2004; Jayaprakasha and Patil 2007) . In addition, new compounds (glycosilated flavanones: narirutin, naringin, hesperidin and neohesperidin), not found in the control Sherry vinegar, were also identified.
In order to statistically highlight the differences in the polyphenolic content among the samples, data were submitted to ANOVA, considering the effect of three factors: type of product, amount of fiber and storage conditions. As can be seen, these three factors were significant (p<0.05) for most of the polyphenols studied (Table 1) . As can be seen, the tipically identified polyphenols in control vinegars were also identified in fiber-enriched samples, and even at higher concentrations. Glycosilated flavanones were transferred to control vinegars after fiber addition. In a study about the use of natural sweeteners as sucrose alternatives of chocolate, (Belščak-Cvitanović et al. 2015 ) a bioactive profile enrichment was also occurred due to the presence of phenolic acids, flavone and flavonol derivatives, which were not identified in control chocolate. In general terms, fiber from lemon enriched the polyphenolic profile of Sherry vinegars in a significantly higher way than that from orange (ANOVA Btype^factor). Specifically HMF, protocatechuic acid, tyrosol, p-hydroxybenzaldehyde, trans-pcaftaric acid, trans-p-coutaric acid and caffeic acid were found in higher concentrations in vinegars with lemon fiber. Regarding glycosilated flavanones, narirutin was detected in all enriched samples stored at low temperature/dark conditions (LT), whereas for the samples stored under room temperature and the influence of the light (RT), only those submitted to the highest amounts of fiber (L3RT, L4RT, L5RT for lemon; and O4RT and O5RT for orange) presented this compound. Naringin seemed to be exclusive of the orange fiber, and neohesperidin appeared only when the content of orange fiber increased (O4LT, O5LT, O4RT and O5RT). Moreover, hesperidin was the main glycosilated flavanone detected in the fiberenriched vinegars, regardless of the origin. These results are in nd compound not detected agreement with those obtained in a previous work (Cejudo Bastante et al. 2010 ) about Sherry vinegars macerated with different fruits, and also with other authors who studied the phenolic composition of lemon and orange (Grandi et al. 1994; Kelebek et al. 2009 ).
With regard to the doses of fiber (ANOVA "amount" factor), the content of the majority of polyphenolic compounds significantly increased as the quantity of fiber increased, mainly hesperidin, which reached 4-or 5-fold higher values in all experiences. This fact was also observed for HMF, protocatechuic acid and narirutin in lemon fiber-enriched vinegars (enhancement around 40-50 %) when they were stored under room temperature/light conditions. Surprisingly, some of polyphenolic compounds (mainly hydroxycinnamic acid derivatives) identified in orange fiber-enriched vinegars and stored under low temperature/dark conditions showed an important decrease of concentration (around 50-60 %; p<0.05). Moreover, temperature and light exerted a significant effect on almost all phenolic compounds (ANOVA Bstorage^factor). In general, the refrigeration/dark conditions of storage provoked the maintenance of the concentration of the majority of individual polyphenolic compounds, observing a remarkable decrease when submitting samples to room temperature/light conditions. These results were in agreement with those obtained by Cejudo- Bastante et al. (2011) . In this work the content of some benzoic acids (gallic acid) and hydroxycinnamic acid derivatives (pcoumaric and ferulic acids) found for Chardonnay white wines decreased as a consequence of the illumination storage. Taking into account the joint effect of illumination and temperature of storage, scarcely reported in bibliography, Ferreira-Lima et al. (2013) found that some phenolic compounds such as transcaftaric acid and (+)-catechin decreased under room temperature/light conditions, indicating that controlled conditions of storage reduce the degradation and oxidation reactions that occur in wines during aging. Other autors (Recamales et al. 2006) stablished that factors such as light and temperature might contribute to the degradation of some individual phenolic compounds such (+)-catechin and trans-caftaric acid, attributed to oxidation and polymerization phenomena. Among them, hesperidin and p-OH-benzaldehyde were the phenolic compounds that most contributed to that differentiation. However, some phenolic compounds manifested the opposite effect, i.e., the higher amounts of polyphenols were observed for those samples stored at room temperature and light conditions. That is the case of p-hydroxybenzaldehyde, mainly due to the low values observed in orange fiber-enriched vinegars under refrigeration/dark conditions. This fact could be due to possible precipitation as a consequence of the low temperature.
Volatile composition
In this research work, a total of 60 individual volatile compounds were identified in the different vinegars, belonging to different chemical families: esters and acetates, alcohols, acids, terpenes, benzenic compounds, furanic compounds, lactones, and aldehydes and ketones. Table 2 shows the mean relative area values (quantifying ion peak area / internal standard molecular ion peak area) for each sample.
In order to better understand the behaviour of the main volatile compounds according to the treatment applied, data were submitted to ANOVA ( Table 3 ). For that purpose, similarly to that carried out for polyphenols, three independent factors (type of product, amount of fibre and storage conditions) were taken into account. In general, the factors that mostly influenced the differentiation among samples were "type" and "amount" of fiber, whereas the "storage" factor exerted a lower effect on the volatile profile changes. In general terms, all the vinegars enriched with fiber increased their individual volatile compound concentrations (ANOVA "type" factor). Fiber from orange was the raw material that significantly improved the volatile profile, contrarily to that observed for polyphenolic compounds (Tables 1 and 2 ). The main volatile compounds that contributed to the differentiation according to the type of sample were benzenic compounds (eugenol and some phenols), followed by acetates (benzyl, 2-ethylphenyl and 2-phenyl acetates), short-and medium-chain acids (isovaleric, isobutyric and hexanoic acids) and alcohols (2-methyl-butanol) and some ketones derived from terpenes (neryl acetone and cis-geranyl acetone). All these compounds exhibited a significantly higher content in vinegars enriched with orange fiber, except for eugenol and ethyl acetate, that were more abundant in control Sherry vinegars. Furthermore, the volatile compounds associated with the differentiation according to the amount of the fiber were mainly acids (octanoic and decanoic acids), benzenic compounds, ketones and terpenes (neronidol and its ketone derivative) (ANOVA "amount" factor). Surprisingly, their content decreased as the amount of fiber increased. This fact could be due to (i) adsorption phenomena or (ii) saturation of the medium and subsequent insolubility of the fiber in the vinegar. Moreover, although temperature and light exerted a minor influence on the concentration differences among samples, some acetates (benzyl and isobutyl acetates), short-and medium-chain acids, benzaldehyde, α-terpineol, furfural and vitispirane were the main participants in the discrimination (ANOVA "storage" factor). All of them, except for vitispirane, showed a significantly higher content when samples underwent the storage at room temperature in light conditions. Benítez et al. (2003) obtained increases in the volatile composition during storage of wines exposed to the influence of the UV-vis radiation. Similar results were obtained by Marais (1986) , who affirmed that the formation of furfural was accelerated when South African Vitis vinifera L. cv. Colombard wines were stored under the same conditions, and also by Cejudo- Bastante et al. (2011) who studied Chardonnay wines stored under light and dark conditions. Moreover, other authors (Marrufo-Curtido et al. 2012; Chinnici et al. 2009; Piva et al. 2008) found that furfural and other furanic compounds were more abundant in vinegars derived from a thermal treatment (traditional balsamic vinegar of Modena).
Multivariate study
With the aim of scrutinizing the similarity of the samples on the basis of the joint chemical study of polyphenolic composition and volatile profile, the data matrix was subjected to a hierarchical agglomerative cluster analysis of cases. The squared Euclidean distance as the metric and the Ward method as the amalgamation rule were used. The dendrogram obtained is shown in Fig. 1 . As can be seen, a cluster was formed according to the highest amounts of fiber (5 and 10 g/L) for orange fiber what demonstrated that the samples with high concentration of orange fiber added were similar between them, regardless the storage conditions employed. Another cluster compresed those samples with the lowest levels of fiber (0, 0.1, 0.5 and 1 g/L) no matter the type of fiber added, so when the quantity of the added fiber was lower, it could be the same the type of fiber used. There is also another cluster formed by the lemon fiber samples stored at low temperature/dark conditions together with control fiber samples. So, this kind of samples were more similar to those without addition of any fiber. The groups obtained demonstrated that the variables could possess sufficient explanatory power for the detection of the type and amount of the fiber employed for the enrichment process and the storage applied. Thus, in order to obtain suitable classification rules for assigning categories of samples, supervised learning pattern recognition methods were applied. A forward stepwise linear discriminant analysis was carried out for that purpose. This was performed according to the Wilks' lambda statistics in order to choose the descriptors that best distinguish the different classes. A F statistic is computed from the partial λ values, leading to a p level. Only those phenolic and volatile compounds which manifested significant differences in the analysis of variance (Tables 1 and 2) for each studied factor were considered.
The scatterplot of the samples onto the plane defined by the first two discriminant functions for each factor studied (type, amount and storage) is shown in Fig. 2 . As can be seen, a clear separation among vinegars enriched or not with citrus fiber, stored under different thermal/luminosity conditions and with different quantities of fiber was obtained. Taking into account the Btype^factor, Fig. 2a evidenced a clear differentiation between control vinegars and both enriched-fiber vinegars. According to p-levels and F-values, the final model selected some variables as discriminant functions to differentiate by type of product: naringin and HMF as phenolic compounds and mainly benzenic compounds (4-methyl-2,6-di-tertbutylphenol, phenol, o-tert-butyl phenol and 2,4-bis(dimethylethyl) phenol as volatile compounds (p<0.01). With regard to the Bamount^factor, vinegars without fiber addition (control vinegar) and with the highest quantities (5 and 10 mg/L) were clearly differentiated from the rest of the samples, whereas the intermediate contents of fiber were nearly situated but well differentiated (Fig. 2b) . Several compounds participated as discrimination functions (p<0.01): among phenolic compounds, naringin and hesperidin, tcaftaric acid and HMF, and p-hydroxy-benzaldehyde and tyrosol, and mainly benzenic compounds (4-nonyl phenol, eugenol, o-tert-butyl phenol, phenol and 4-methyl-2,6-di-tertbutylphenol) and others such as decanoic acid, 4-terpineol ,   N5LT  N5RT  N4LT  N4RT  L5RT  L4RT  L5LT  L4LT  L3LT  L2LT  L1LT  C0LT  C0RT  L3RT  N3LT  N2LT  N1LT  N3RT  N2RT  N1RT  L2RT ethyl acetate and 1-(2,3,6-trimethylphenyl)-2-butanone as volatile compounds. Finally, the hydroxycinnamic acid derivatives (t-and c-p-coutaric acids and t-caftaric acid) and p-hydroxy-benzaldehyde, vitispirane and hexanoate ethyl ester were the variables that well discriminated among samples according to the storage conditions (p<0.01) (Fig. 2c) . It is spotlighted that esters, alcohols and furanic compounds did not contribute to the separation by any studied factor. Finally, the 100 % of the samples correctly classified in the check process for each studied factor.
Sensory analysis
Due to the optimization of a new agro-alimentary product is conditioned by the acceptability by consumers, a sensory evaluation (descriptive analysis and ranking test) was carried out.
In relation to descriptive analysis, several aromatic and tasting descriptors were evaluated (aroma intensity, pungent and citric aroma; and acidic and citric flavor, respectively), as well as the olfactory and gustatory impression. A structured 9-point scale was used to assess the sensory parameters. Table 4 shows the scores (mean values and standard deviations) for each descriptor after elimination of outliers and confirming the absence of dissenting judges. These data were submitted to ANOVA (Table 4 ; p<0.05).
In general, type of product and amount of fiber were the most influential factors in the sensory parameters. Vinegars with fiber were better valued than those vinegars without addition, due to the significantly (p<0.05) best values of the olfactory impression and citric flavor of the vinegars enriched with orange fiber (ANOVA Btype^factor). The significantly (p<0.05) highest scores of both citric odor and flavor (LRT, p=0.0173 and p=0.0000; ORT, p=0.0643 for the latter) and gustatory impression (OLT, p=0.0264) of some vinegars made remarkable influenced the amount of fiber added to the vinegars (ANOVA Bamount^factor). In fact, the attributes directly correlated with olfactory and gustatory impressions were citric odor and flavor, respectively (r 2 >0.79 and 0.63; data not shown), which means that the preference of the vinegars is mainly based on these descriptors. For all these parameters, samples were best valued as the content of fiber increased. Concerning the influence of temperature/luminosity, judges did not detected significant (p<0.05) differences in any sensory parameter (Table 4 ) (ANOVA Bstorage^factor).
In order to check the volatile compounds which mostly participated in the most influential sensory attributes, a correlation study was carried out (Table 5 ). As can be seen, the volatile compounds that highly correlated (p<0.05; r>0.05) with citric odour and flavour, and olfactory and gustatory impressions were virtually all terpenes (such as β-terpineol, valencene, neronidol and α-terpineol) and aldehydes and ketones derived from them (neryl acetone and cis-geranyl acetone), as well as lactones and some acids and benzenic compounds. The rest of the volatile compounds, most of them esters, alcohols and furanic compounds, did not evidenced any significant correlation with the sensory attributes.
Finally, a high sensory acceptability of fiber-enriched vinegars was confirmed by a ranking test by global impression (gustatory and olfactory). In each session, the assessors were asked to order the vinegar samples. According to the Friedman test, the calculated F-value was higher than the corresponding tabulated F-value (9-10 judges; assumed error of 5 %), which indicates a significant statistical difference (ISO 2006a) (calculated F-value/tabulated F-value: LRT, 18.24/ 10.81; OLT, 11.01/10.91; ORT, 15.94/10.83) . In general, as it was observed in the descriptive analysis (Table 4) , judges preferred vinegars with fiber, placing vinegars without addition of fiber in the last positions (data not shown). In general, the highest doses of fiber were preferred for vinegars with orange fiber (1, 5 and 10 g/L), whereas the preferred amounts for vinegars enriched with lemon fiber were the lowest (0.1, 0.5 and 1 g/L). The conservation under low temperature/dark conditions provoked that the preference of the quantity of lemon fiber added to vinegars was insignificant (calculated F-value/tabulated F-value: LLT, 3.37/10.90).
Conclusions
The results obtained indicate that the enrichment with citrus fiber enhanced the bioactive profile of Sherry vinegars (polyphenolic and volatile compounds). Fiber from orange provided higher content of volatile compounds and lower of polyphenols, contrarily to that derived from lemon. Storage conditions did not exert a significant and appreciable effect in the chemical profile. From a sensory point of view, fiber-enriched vinegars were significantly preferred, but the dose of fiber greatly influenced on the acceptability according to the fiber source. Any vinegar maker company could be brought the establishment of this new agro-alimentary product to fruition because, in addition of contributing with the added value of being a good source of fiber claim, it will offer diversification in the market's product line. Although it is true that the amount of vinegar intake in the diet is limited and so the benefits on health, this new product still could have some beneficial effects on the final consumers. 
